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Introduction

Due to its importance in energy conversion, particularly
in fuel cdls, air-batteries, and corrosion, the
eledrochemicd reduction of oxygen (ERO) has been the
focus of much reseach work for well over 3 decales'.
Experimental data have seemed to suggest a mechanism
of the first eledron transfer being the rate determining
step in acidic media on platinum. Despite the recent
progressthat has been made in understanding this readion
using in-situ spedroscopic techniques?, several questions
concening ERO dtill lack definite answers. These
guestions include how O, interads with the eledrode
surface ad what effed readion intermediate alsorptions
have on the rate of readion, and how they vary with
eledrode potential. Understanding this readion at
atomistic level, which presumably should help in
designing better and chegper than Pt catalysts, has not yet
been adciieved. Clealy, additional experimental or
theoreticd information are needed to establish the
medhanism of ERO on platinum.

This lab has recently developed an ab initio theoreticd
approach that alows us to study the dependence of
medhanisms, trangition state structures, and adivation
energies on the eledrode potential for eledrochemica
readions. This approach has been applied to bah redox
and caalytic readions with reasonable success*>°. We
have extended this previous work in a DFT study O,
reduction on Pt .

Theoretical approach

Current eledron transfer theory states that eledron
transfer between an eledrode and a solution spedes nea
the double layer occurs when the dedrochemicd energy
of an eledron in the metal is equal to an accetor level of
the solution spedes. Thus, in this work, when the
eledrochemicd potential of the dedron, i.e., the vacuum
scde potential of the dectrode, is equal to an acceptor
level creaed by therma fluctuations in the readant
complex, eledron transfer is assumed to take place
through radiationless tunneling. The accetor level in the
readant complex is acually the opticd eledron affinity
(EA) of that complex. Therefore, in order to find a
trangsition state for a given readant complex at a given
eledrode potential, U, one distorts the rea¢ant complex to
obtain the dedron affinity corresponding to the eledrode
potential and then minimizes the energy of the cmplex
while «till maintaining that EA. Effedively, that
corresponds to looking for the minimum energy structure
on the dividing surface of the readant and product
potential energy surfaces. The advantage of this approach
is that one does not need to construct a multi-dimensiona
potential energy surfacefor either readants or products.
SeeRefs. 4,5,6 for detalls.

Computational Method

The B3LYP level of theory is used for this work, with
6-31G** basis set for O and H, and LANL2DZ for Pt. A
Pt, molecule, with a bulk distance of 2.775A, is used as
the model eledrode to coordinate O,, OOH, H,O, OH,
and O intermediates in the oxygen reduction. The

justification for using Pt, as the dedrode comes from the
fad that the cdculated adsorption strengths of those
intermediates on Pt, are cmparable to the low-coverage
experimental values as shown in the foll owing table.

Bond 1-fold 2-fold Exper.range
Pt-OH 2.52 2.17 25~15"
Pt-OH,  0.68 0.25 0.65°8

Pt-O 3.67 453 ~35,3.8°

Results and Discussion

Receant in-situ spedroscopic results indicate that the most
probable asorption structure for O, on platinum
eledrode is the paralel di-o orientation’; therefore, we
used that mode of adsorption and found an adsorption
bond strength of 0.94 eV for O, on Pt,. A barrier of 0.74
eV was cdculated for dissociation of O,. However,
Pt,OOH had small 0.06 eV barrier for bre&ing the O-O
bond to form PtOH + PtO. To acount for the presence of
courter ion field effeds, a—0.5e darge was placed 10A
away from the H® along the H'--OH, bond. For the
adivation energy cdculations, as shown in the following
figure, seven variables (r2-r6, A and C) were optimized to
locae the transition state. rl and angle B were kept
constant at the product angle since these variables did not
vary much from readant preaursor to the optimized
geometry of the product, Pt,OOH+3H,0. The adivation
energies at 0.8, 1.0 and 12 V are 0.15, 0.33 and 059 eV
respedively. The last value is quite dose to the
experimental adivation energy of 0.44 eV for 4-eledron
reduction on Pt *°.
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